The most common cause of lumbar or sacral nerveroot compression probably is herniation of the nucleus pulposus. There are some patients with typical clinical-and even radiological-evidence of ne'rVe root compression, however, in whom no herniation is found at operation; instead the nerve root is compressed by a fold in the posterior longitudinal ligament, and, when this is excised, there is Table I ). The duration of symptoms before operation varied from two months to 13 years, with the majority at three years. Ten patients related the onset of their symptoms to a specific episode of trauma, usually, bending or lifting. Low back pain radiating into one leg was present in 10, and into both legs in two. In three, the initial complaint was calf or hip pain. There were objective signs of nerve-root compression (hypaesthesia, depressed stretch reflex, weakness) in 11 patients, while two showed only limitation of straight leg raising on the affected side, in addition to persisting complaints of sciatica.
Narrowing of the appropriate intervertebral disc space corresponding to the radicular signs was demonstrated on plain radiographs of the lumbosacral area in seven of 12 patients (one set of films was inadvertently destroyed). Myelography was performed in six patients, five of whom had abnormalities. In three of-these, there were unilateral was also explored (and vice versa), to assure the absence of a typical herniated nucleus with false localization. In seven patients, spinal fusion was carried out by the orthopaedist with an H-shaped iliac graft interposed between the spinous processes of the fourth lumbar and first sacral vertebrae. The material removed from the disc space was usually degenerated cartilage, compatible with degenerated intervertebral disc. We have followed cases as long as six years postoperatively. In 1966, five patients in the series were reexamined, and a questionnaire was sent to the others. One was lost to follow-up. All patients reported that they were improved and were either asymptomatic or were experiencing only mild backaches. None of the patients examined demonstrated limitation of straightleg raising or paraspinal muscle spasm. Hypaesthesia and depressed stretch reflexes tended to persist, however.
CASE REPORT
The syndrome is illustrated in the following typical case report. T.T., a 30-year-old dock worker, developed low back pain with radiation into the left leg following an automobile accident two years previously. Persistence of pain and weakness of the left foot led to hospitalization. The most striking finding was weakness of the dorsiflexors of the left foot. Plain radiographs of the spine (Fig. 2) showed straightening of the normal lumbar lordotic curve, retained height of the intervertebral 63 Protrusion of the posterior longitudinal ligament simulating herniated lumbar intervertebral disc spaces, but overriding of the facets at the L 4-5 interspace, with narrowing of the intervertebral foramen. Myelography (Figs. 3 and 4) demonstrated filling defects at this interspace, especially on the left; EMG was not done. Operation revealed nerve-root compression at the L 4-5 interspace by a bulging posterior longitudinal ligament under which there was scant disc material. This was removed, and the bulging ligament excised; the spine was fused because of the apparent instability of the facet joints. When last seen, three years later, the patient was working as a dock hand and experiencing only minimal low back pain and no weakness of the left ankle.
ANATOMICAL STUDIES In an attempt to reproduce in a cadaver what occurs clinically, we removed the lower three lumbar vertebrae intact and, through the anterior longitudinal ligament, removed the nucleus pulposus of the intervertebral disc. Photographs and radiographs were taken before and after longitudinal compression was applied to the vertebrae by an ordinary woodworking 'C' clamp.
There was marked bulging of the posterior longitudinal ligament, narrowing of the nerve root foramen, and slight bulging of the ligamentum flavum into the spinal canal (Figs. 5 and 6 ). Radiographs (Figs. 7 and 8) showed narrowing of the affected interspace and slight overriding of the facets when compression was applied.
DISCUSSION
The anatomy of the intervertebral disc and its surrounding structures has been discussed in other publications (Larmon, 1944; Coventry, Ghormley, and Kernohan, 1945) . Several related features should be emphasized. The posterior longitudinal ligament is attached only at the disc and passes loosely over the vertebral body. It is thickest medially and thins as it fans out laterally to blend with the annulus fibrosus (Hanraets, 1959; Hadley, 1964) ; some physicians even doubt its presence laterally. We have observed it laterally, where, along with the annulus fibrosus, it forms the anterior border of the intervertebral foramen. We have referred here to this fused structure as the posterior longitudinal ligament.
The mechanism of the degenerative disc has been reviewed by Saunders and Inman (1940) , Hanraets (1959) , and by Rabinovitch (1961) . Briefly, the nucleus pulposus dessicates with age, allowing the disc space to narrow and causing the surrounding ligaments to become lax. In the herniated disc syndrome, the laxity of the ligaments places stress on the annulus fibrosus, which tears and causes the nucleus pulposus to herniate through the weakest point (posterolaterally where the foetal vessels to the disc originally travelled).
On the other hand, in the degenerative disc syndrome, a different mechanism must be at work. To account for the negligible disc material one must suppose an extreme degree of dessication, herniation of material through fissures in the cartilage plates into the vertebral bodies, or a congenital lack of disc material. The last two possibilities seem unlikely, first, because we saw no Schmorl's nodes and, secondly, because redundant ligaments could hardly be expected in congenitally narrowed discs. Moreover, it would be difficult for such a disc to herniate through the annulus fibrosus (Hanraets, 1959) . Various explanations have been proposed to account for radicular symptoms in the absence of a protruded disc. Most explanations have blamed structures which might narrow the nerve root foramen. Elsberg (1913) and Love and Walsh (1940) emphasized the significance of a thickened ligamentum flavum as it encroaches on the foramen posteriorly. With narrowing of the disc space, it is not inconceivable that the ligament could fold into the lumbar canal and the intervertebral foramen; here, for all practical purposes, it would become part of the posterior wall and cause nerve root compression (Fig. 8) . Hadley (1938 Hadley ( , 1964 has shown that narrowing of the disc may cause subluxation of the facet joints and narrowing of the intervertebral foramen (Fig. 6) . In fact, this may be the earliest radiological finding before narrowing of the disc space is apparent (Harris and Macnab, 1954) . Friberg (1941) , on the other hand, contends that simple narrowing of the disc space cannot produce nerve root compression because the bony frame is too large to permit it. He has shown that the two lowest lumbar foramina are the smallest, while the corresponding nerves are the largest and are the only ones that pass directly over the disc. Narrowing may cause retropulsion of one vertebral body on its neighbour, thus decreasing the intervertebral foramen. In general, the interlumbar facets are in a sagittal plane, and the lumbo-sacral facets are in a coronal plane. However, these lower facets are often asymmetrical or are in a sagittal plane which may allow retropulsion (Armstrong, 1965) . These anatomical facts may account for radicular symptoms in the face of slight changes in the intervertebral foramina.
Dandy described the 'concealed disc' in which there is a small amount of disc material and no protrusion of the disc. Adhesions between the nerve root and the posterior ligaments are said to account for the symptoms (Dandy, 1941; O'Connell, 1943) . We did not encounter this condition in our patients.
Others have reported protrusion of the annulus fibrosus in patients with narrowed intervertebral discs. Mixter (1937) described both a unilateral and a general bulging of the whole edge of the disc, causing radicular symptoms which he treated by facetectomy or by 'trimming' where it seemed to compress the nerve root. Bradford and Spurling (1945) doubted that a generalized protrusion was a frequent cause of the characteristic clinical picture of ruptured annulus fibrosus. They felt that facetectomy is preferable to attacking an intact annulus. However, it is unlikely that facetectomy in our patients could correct the bulging ligament lying anterior to the nerve and over which the nerve is stretched rather than compressed. Friberg (1941) described a series of patients quite similar to ours. Of 58 patients undergoing exploration for symptoms of herniated disc, seven had only protrusion of the annulus fibrosus. Five of these had narrow disc spaces and abnormal myelograms. Two had filling defects in the midline, while three had filling defects laterally. Although there is a semantic difference between this series and ours, it is likely that they are pathologically identical.
For several years, we have performed spinal fusions in addition to resecting the redundant posterior longitudinal ligaments. The fundamental problem is an unstable back with narrowed interspaces, overriding facets, tilted vertebrae causing laminae to 'shingle' under one another, and buckled interlaminar and posterior longitudinal ligaments. Instability of the back sufficient to require fusion is defined by a long history of back pain with or without sciatica, aggravated by bending, and usually relieved temporarily by a lumbo-sacral support. In all patients in this series in whom fusion was performed, instability was demonstrated when, at the time of operation, the spinous process below the disc concerned was grasped and moved up and down and from side to side. Narrowing of the disc space and overriding facets on the plain films before operation were considered in the decision to fuse the spine. However, as Begg and Falconer (1949) have shown, narrowed disc spaces on plain films are difficult to identify unless the diverging x-rays are parallel to the opposing vertebral surfaces. This special technique was not carried out in our patients, so the actual incidence of narrowed interspaces is not known. A narrowed interspace alone is no indication for fusion. When it is present with other clinical and operative evidence of instability, it is further argument for fusion.
There is insufficient material to warrant a valid comparison of the diagnostic value of a myelogram versus an electromyogram in this condition. The significant point is that either test may show results that are indistinguishable from those commonly associated with patients who have protruded intervertebral discs.
SUMMARY
We have reported 13 patients with clinical syndromes of lumbar or sacral nerve-root compression, in whom operation failed to reveal herniated intervertebral discs but whose clinical, radiological, and electromyographical changes could have been caused by folding of the posterior longitudinal ligament into the lumbar canal compressing the nerve root. Excision of the redundant ligament, with or without fusion, resulted in significant relief of symptoms in all cases. We believe that this pathological process may be one of several causative factors to be considered in the group of patients who should have protruded discs, but do not.
